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VERSION 1 - REVIEW 

REVIEWER Cooper, Ben 
 
Oxford University, UK  

REVIEW RETURNED 08-Oct-2014 

 

GENERAL COMMENTS I greatly enjoyed reading this stimulating, thought-provoking and, in some 
respects, ground-breaking paper, which I believe represents an important 
advance in understanding the relationship between antibiotic use, 
infection control interventions and MRSA strain dynamics. Though the 
manuscript makes use of quite advanced statistical approaches, the 
paper is clearly and carefully written and the statistical modelling choices 
generally appear well-motivated. As far as I can tell the analysis has 
been carried out to a high level of technical proficiency. The results are 
clearly presented and the figures, in particular, are excellent. The 
discussion is also appropriate.  
 
Any reservations I have relate to problems inherent in all approaches that 
automate variable selection while ignoring model uncertainty.  
First, while directions of associations found generally seem plausible, it's 
hard to see how all specific details make biological sense. For example, 
why should 3rd Gen Cephalosporin use at a lag of 5 months be 
important, but not at a lag of 1-4 months? My preference would be to 
always include the earlier lags as well and any co-variates that might, a 
priori, be thought to be potentially important (regardless of whether they 
research statistical significance at an arbitrary level) unless there are 
compelling reasons not to (e.g. co-linearity). There is quite a large 
literature on why background knowledge should be taken into account in 
model selection.  
 
Moreover, because the data are used to select the best-fitting model from 
a very large number of candidate models the associated p-values will be 
too small and the confidence intervals too narrow (see, for example, 
Freedman 1983 
http://pluto.mscc.huji.ac.il/~mszucker/REGR/freedman.pdf). The problem 
arises because the same data are being used twice - to select the best 
model and to test hypotheses about parameter values. This is not, strictly 
speaking, legit. Simulations from Freedman and others show that the 
distortions can be very large.  
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I don't think any additional analysis is needed to address these concerns, 
as essentially this should be considered as an exploratory analysis, 
which is nonetheless very interesting. For the approach in this paper to 
be used for testing hypotheses a valid approach would be to use one 
data set (or part of the data) to select the model, and then use different 
data to test hypotheses about parameter values. Another possibility, 
recently suggested by Bradley Effron (JASA 2013) is to use a bootstrap 
approach 
(http://statweb.stanford.edu/~ckirby/brad/papers/2013ModelSelection.pdf)  
 
However, while it is probably too much to insist on such additional 
analysis here, I think it is important to consider these issues in the 
discussion and to highlight that it has not been accounted for in 
determining p-values and CIs and hence the significance of these will be 
overstated (and therefore this should be considered an exploratory 
analysis). Essentially, this just amounts to saying that the precise details 
of the results should be taken with a pinch of salt as I'm sure most 
intelligent readers would do anyway (and which I think the authors 
probably do as well), though the broad directions of the findings (and the 
new approach) are pretty interesting.  
 
Incidentally, on p32, I note that it says "Variables used in adjusted 
analysis (multivariate time-series analysis) determined a priori" , but p29 
makes it clear that non-significant variables were removed as table 3 
suggests. So I think it would be fairer to say that the *candidate* 
variables considered in the models were specified a priori, but the finally 
included variables were determined by an automated selection procedure 
and made use of the same data used to estimate associated parameter 
values.  
 
 
Minor comments  
 
1. p4 l4 "Europe studies" -> "European studies"  
 
2. Various methods were used for determining the clonal complex 
(phage, PFGE, ribotyping, spa typing) and it is stated that when a 
confident strain assignment could not be made based on these either the 
isolate was designated "Other" of additional typing methods used. This 
does suggest that there is at least a degree of uncertainty in the strain 
assignments. Is it possible to say anything about the risk of 
misclassification - for example, by considering the subset of isolates 
typed using 3 or more independent methods A, B, C - how often do strain 
assignments based on A and B alone agree with those from A and C 
alone?  
 
3. p 9 l29-30. It would help to have the same sublineage names here is in 
figure 4.  
 
4. p11 l6 "The hand-hygiene campaign exerted a downward pressure on 
trends in CC22 strongest in months of high prevalence density"  
not clear where it is shown that the effect was strongest in months of high 
prevalence.  
 
5. "Consumption of other antibiotics in hospital or community were not 
significantly related to strain dynamics."  
Generally it is good practice to report actual p-values and not arbitrarily 
dichotomize between significant and non-significant (see for example, 
Sterne & Davey Smith, BMJ 2001 
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1119478/). Best of all 
would be to report all co-efficients and associated CIs whether p<0.05 or 
not (these could easily go into a table in the supplementary material).  
 
6. p12 "our findings also highlight the importance of regional conditions in 
shaping strain-dynamics". I ‘m not completely sure what this is referring 
to – is the meaning regional antibiotic use, hand hygiene etc?  
 
7. "The possibility of a threshold effect in hand-hygiene has been 
suggested previously." I would go further and say that threshold effects 
are absolutely to be expected in infectious disease epidemiology for 
exactly the same reason that they are to be expected in nuclear fission: 
the processes depend on a chain-reaction, and below a certain threshold 
such chain reactions will not be sustained. In fact, it would be quite 
remarkable if such threshold effects didn’t exist for resistance that is 
primarily maintained by person-to-person transmission. For resistance 
arising from repeated de novo mutations, things are different.  
 
8. I don't think there is any mention of the possibility of the association 
between bed occupancy and MRSA rates being due to confounding. For 
example, in winter months (or during influenza epidemics) presumably 
more elderly people (who may be more likely to carry MRSA) may be 
admitted with respiratory infections increasing bed occupancy. This could 
give rise to a non-causal associations between MRSA rates and bed 
occupancy . Was this considered?  
 
9. p13 "The rapidity of change within strains during antibiotic stewardship 
contrasts with theoretical and mathematical models suggesting that 
rapidly acquired resistances may be lost slowly due to compensatory 
evolution minimising fitness costs of resistance.[31, 51]"  
 
On the contrary, the results *agree* with mathematical models for 
hospital settings (eg Lipsitch et al PNAS 2000 
http://www.pnas.org/content/97/4/1938.long) which show that rapid 
changes are to expected. Hospitals are different to the community 
because if resistance is not being maintained by high patient-to-patient 
transmission then (provided it is rare in the community) it will rapidly 
decline due to rapid throughput of patients.  
 
 
10. Supplementary File 1.  
 
The whole section on GAMs lacks clarity and is very difficult to follow and 
probably needs either rewriting or simply removing (a reference to Simon 
Woods's excellent book on Generatlized Additive Models might help the 
interested reader more here – though I don’t have access to refs 2 and 
3). Among the things that confused me are the following:  
 
i) p27 l37 E(alpha_j(x_j)]=0 . This seems not to make sense unless the 
x_j s have been standardized (if this is the case, it wasn't stated).  
 
ii) what exactly is a "forward stepwise estimation using a scatterplot 
smoother"?  
 
iii) s_i is not defined  
 
iv) x_i^* is defined but then appears to play no further role in the model.  
 
11. p29 l34. Shouldn't the "-c2" term be "+c2"? Also, the text says "each 
max()" is a truncated spline function. I didn't understand this. Surely 
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max(a,b) just has the usual meaning of being equal to a if a>=b and b if 
b>=a? 

 

REVIEWER Michael Borg 
 
Mater Dei Hospital  
Malta 

REVIEW RETURNED 20-Jan-2015 

 

GENERAL COMMENTS It studies an aspect of MRSA epidemiology - temporal associations 
between planned antibiotic stewardship & infection control 
interventions and the molecular epidemiology of MRSA - which is 
very much lacking in the literature. Although dealing with complex 
concepts, the paper is very well written, structured appropriately and 
achieves the desired outcome.  
 
I can find little to critique in the comprehensive methodology adopted 
and, even though not particularly versed in time series methods, I 
found the paper to be very understandable. Having said that it would 
be recommended to get the input of a statistician with expertise in 
time series analysis.  
There is one comment that I feel I need to make. It is noted in page 
6 that “All first patient clinical and screening isolates per year were 
sent to the reference lab until March 2011, after which only isolates 
from screening, blood cultures, outbreak investigations, or with 
unusual phenotypes were referred.” Since the whole paper stands or 
falls on the strain collection methodology adopted, it is important that 
the authors expand on this point to show that the change in 
collection methods after March 2011 could not have been a source 
of bias in the final results. It is suggested that a table is included 
showing the number of isolates collected per year from these four 
sources quoted as well as those collected previously from other 
(presumably routine clinical) specimens. Furthermore, have the 
authors repeated the analysis using only isolates from screening, 
blood cultures, outbreak investigations, or with unusual phenotypes 
so as to have a constant sampling method for the whole duration of 
the study period? If yes, were the same results obtained as for the 
whole data set? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1 Ben Cooper  

 

We are grateful for this reviewer's comments, and in particular the recognition of the novelty of our 

approach in this area.  

 

GENERAL COMMENT(1): Any reservations I have relate to problems inherent in all approaches that 

automate variable selection while ignoring model uncertainty.  

First, while directions of associations found generally seem plausible, it's hard to see how all specific 

details make biological sense. For example, why should 3rd Gen Cephalosporin use at a lag of 5 

months be important, but not at a lag of 1-4 months? My preference would be to always include the 

earlier lags as well and any co-variates that might, a priori, be thought to be potentially important 

(regardless of whether they research statistical significance at an arbitrary level) unless there are 

compelling reasons not to (e.g. co-linearity). There is quite a large literature on why background 

knowledge should be taken into account in model selection.  
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RESPONSE TO GC(1):  

We accept these comments but also note that we did limit our candidate explanatory time-series to 

those identified in previous literature or with theoretical links to MRSA. We also limited lags based on 

existing TSA literature which has found associations between antibiotic use and resistance with 

average delays of 0-6 months. The reasons behind such delays in association require exploration 

though it is reasonable to expect a time-delay between change in ecological pressures (especially 

antibiotic use) and response in levels of resistance. We note also that co-linearity problems are not 

uncommon with antibiotic use (which often varies with season / change in empirical guidelines etc). 

Apart from autoregression a priori we did not feel there were covariates which should be retained in 

the model (not least because of the lack of literature on this specific problem).  

 

GENERAL COMMENT (2): Moreover, because the data are used to select the best-fitting model from 

a very large number of candidate models the associated p-values will be too small and the confidence 

intervals too narrow (see, for example, Freedman 1983 

http://pluto.mscc.huji.ac.il/~mszucker/REGR/freedman.pdf).  

 

RESPONSE TO GC(2)  

In the paper mentioned, David Freedman explores the limitations of econometrics. In particular he 

shows that from simulated random data we can find a significant model if we have a sufficiently large 

pool of variables. He demonstrates model selection through stepwise elimination of non-significant 

variables through p-values can asymptotically generate spurious models, i.e. to obtain a model with 

high R2 when data were completely random and so not necessarily related to the dependent variable. 

In addition, since nonparametric models are adaptive and can exhibit a high degree of flexibility, the 

risk of overfitting is substantial if no measures are taken to counteract it. MARSplines, like most 

methods of this kind, tend to overfit the data as well.  

 

To combat these problems, we combine two techniques:  

Firstly, we used Generalized Additive Models (GAM) to define non-linear associations between the 

independent variable (strain prevalence density) and candidate explanatory variables (selected on the 

basis of prior evidence and theoretical relationship). As with the univariate stage of regression 

analysis this allows restriction of the pool of variables to be entered into the MARS analysis 

(multivariate)  

 

Secondly, our MARSplines procedure uses a pruning technique to limit the complexity of the model by 

reducing the number of its basis functions, i.e. the truncated functions defined for each variable. The 

MARSplines algorithm picks up only those basis functions, and those predictor variables, that make a 

"sizeable" contribution to the prediction. Implementing MARSplines involves a two-step procedure that 

is applied successively until a desired model is found. In the first step, we build the model, i.e. 

increase its complexity by adding basis functions until a preset maximum level of complexity has been 

reached. Then we begin a backward procedure to remove the least significant basis functions from 

the model, i.e. those whose removal will lead to the least reduction in the (least-squares) goodness of 

fit.  

 

MARSpline algorithm is implemented as follows:  

1. Start with the simplest model involving only the constant basis function.  

2. Search the space of basis functions, for each variable and for all possible knots, and add those 

which maximize a certain measure of goodness of fit (minimize prediction error).  

3. Step 2 is recursively applied until a model of pre-determined maximum complexity is derived.  

4. Finally, after implementing the forward stepwise selection of basis functions, a backward procedure 

is applied in which the model is pruned by removing those basis functions that are associated with the 

smallest increase in the (least squares) goodness-of-fit. A least squares error function (inverse of 
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goodness-of-fit) is computed. The so-called Generalized Cross Validation error is a measure of the 

goodness of fit that takes into account not only the residual error but also the model complexity as 

well. It is given by  

GCV = SUM (for i…N)(yi – f(xi))2 /(1-(C/N))2;  

where: C = 1+cd; N = number of observations; d is the effective degrees of freedom (equal to the 

number of independent basis functions); c = penalti for adding a basis function.  

 

GENERAL COMMENT (3): The problem arises because the same data are being used twice - to 

select the best model and to test hypotheses about parameter values. This is not, strictly speaking, 

legit. Simulations from Freedman and others show that the distortions can be very large. I don't think 

any additional analysis is needed to address these concerns, as essentially this should be considered 

as an exploratory analysis, which is nonetheless very interesting. For the approach in this paper to be 

used for testing hypotheses a valid approach would be to use one data set (or part of the data) to 

select the model, and then use different data to test hypotheses about parameter values. Another 

possibility, recently suggested by Bradley Effron (JASA 2013) is to use a bootstrap approach 

(http://statweb.stanford.edu/~ckirby/brad/papers/2013ModelSelection.pdf)  

 

RESPONSE TO GC(3)  

Asymtotic distortion comes from the high number of introduced variables. To some extent we have 

attempted to avoid this problem by constraining the initial pool of explanatory factors to those with 

theoretical or empirical links to MRSA and strain distribution. We agree that splitting data may be an 

interesting procedure for implementing the model selection. However, in that case we would have 3 

different problems: (i) Since we are working with time series we only had 192 observations (less after 

accounting for auto-regression) and splitting data would entail a degree of freedom problem.(ii) 

Splitting data may create problems with model selection because of possibility that values of the 

independent variable only cross the threshold for association during part of the study-period (iii) 

interventions, such as hand-hygiene, coded for by instrumental variables may only occur in 1 part of 

the study-period.  

 

GENERAL COMMENT (4): However, while it is probably too much to insist on such additional 

analysis here, I think it is important to consider these issues in the discussion and to highlight that it 

has not been accounted for in determining p-values and CIs and hence the significance of these will 

be overstated (and therefore this should be considered an exploratory analysis). Essentially, this just 

amounts to saying that the precise details of the results should be taken with a pinch of salt as I'm 

sure most intelligent readers would do anyway (and which I think the authors probably do as well), 

though the broad directions of the findings (and the new approach) are pretty interesting.  

 

RESPONSE TO GENERAL COMMENT (4)  

Again we accept these comments. We have commented on these issues in the discussion as follows:  

“Use of a long time series (N = 192) and restriction of candidate explanatory variables through two-

step GAM and MARS procedures helped to reduce the potential for spurious (chance) associations. 

Nevertheless measures of uncertainty around associations may be underestimated where data are 

used for model estimation and hypothesis testing. Further applications of our approach to other, 

similar, datasets is required to validate parameters reported here.”  

 

GENERAL COMMENT (5): Incidentally, on p32, I note that it says "Variables used in adjusted 

analysis (multivariate time-series analysis) determined a priori" , but p29 makes it clear that non-

significant variables were removed as table 3 suggests. So I think it would be fairer to say that the 

*candidate* variables considered in the models were specified a priori, but the finally included 

variables were determined by an automated selection procedure and made use of the same data 

used to estimate associated parameter values.  
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RESPONSE TO GC (5)  

Agree. ORION checklist adjusted to reflect these comments.  

 

 

MINOR COMMENT (1): p4 l4 "Europe studies" -> "European studies"  

 

RESPONSE MC(1)  

Changed to “European Studies”  

 

MINOR COMMENT (2): Various methods were used for determining the clonal complex (phage, 

PFGE, ribotyping, spa typing) and it is stated that when a confident strain assignment could not be 

made based on these either the isolate was designated "Other" of additional typing methods used. 

This does suggest that there is at least a degree of uncertainty in the strain assignments. Is it possible 

to say anything about the risk of misclassification - for example, by considering the subset of isolates 

typed using 3 or more independent methods A, B, C - how often do strain assignments based on A 

and B alone agree with those from A and C alone?  

 

RESPONSE TO MC(2):  

We are confident that the risk of misclassification for isolates not designated ‘Other’ is very low. All 

Scottish isolates typed by the Ref Lab during the period covered by the study were typed by 

antibiogram and biotype and also by a genotypic method (or phage typing). The associations between 

phenotype and genotype in Scotland was found to be consistent. So, in effect, all isolates were typed 

by two independent methods and any anomalous isolates were genotyped by at least one more. We 

have modified the methods section to make this clearer, as follows:  

“If the resistance pattern or biotype was not one commonly associated in Scotland with the 

determined lineage then additional typing methods (usually multi-locus sequence typing, MLST) were 

used or, rarely, the strain was designated ‘Other’. This means that that, despite the multiplicity of 

typing methods used during the period of the study, there is high confidence in the typing result for 

those isolates ascribed to a specific lineage.”  

 

MINOR COMMENT (3). p 9 l29-30. It would help to have the same sublineage names here is in figure 

4.  

 

RESPONSE TO MC (3):  

Changed to reflect sub-lineage names as appear in Figure 4.  

 

MINOR COMMENT (4):. p11 l6 "The hand-hygiene campaign exerted a downward pressure on trends 

in CC22 strongest in months of high prevalence density"  

not clear where it is shown that the effect was strongest in months of high prevalence.  

 

RESPONSE TO MC(4):  

The impact of hand-hygiene on CC22 is defined by the coefficient (negative) for the interaction term 

AR(1)*Hand-hygiene. Interaction with the autoregression term (lag 1) means that impact of hand-

hygiene varies directly with the CC22 prevalence density in the previous month. In the text we have 

attempted to clarify this as follows: “The negative coefficient for the interaction term hand-

hygiene*AR(1) suggests the hand-hygiene campaign exerted a downward pressure on trends in 

CC22 strongest in months of high prevalence density (where values of AR(1) were high)”.  

 

MINOR COMMENT (5). "Consumption of other antibiotics in hospital or community were not 

significantly related to strain dynamics." Generally it is good practice to report actual p-values and not 

arbitrarily dichotomize between significant and non-significant (see for example, Sterne & Davey 

Smith, BMJ 2001 http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1119478/). Best of all would be to 
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report all co-efficients and associated CIs whether p<0.05 or not (these could easily go into a table in 

the supplementary material).  

 

RESPONSE TO MC(5)  

In GAM we identified non-linear associations between candidate covariates (all classes in ATC/WHO 

index J01) with lags of 0 to 5 months and up-to 60 knots. Variables were chosen only where 

significant (non-linear) association was identified (95% confidence intervals did not contain the 0 axis 

throughout the variable range) and inclusion improved model estimation of data. Our objective was 

not to model with GAM, but rather to restrict the total pool of candidate variables entered in MARS (to 

avoid concurvity problems in MARS model selection). Providing p-values for all covariates (+lags 

+possible knots) tested in GAM would be laborious and not provide direct comparison to parameters 

(+measures of uncertainty) included in MARS analysis. Overall we feel such results would be of 

limited value to the general reader but will be guided by editor’s decision here.  

 

MINOR COMMENT (6). p12 "our findings also highlight the importance of regional conditions in 

shaping strain-dynamics". I ‘m not completely sure what this is referring to – is the meaning regional 

antibiotic use, hand hygiene etc?  

 

RESPONSE TO MC(6):  

We have revised this sentence to read:  

“However, our findings also highlight the importance of healthcare environments and local ecological 

exposures in shaping strain-dynamics, which may limit generalizability of specific associations.”  

 

MINOR COMMENT (7) "The possibility of a threshold effect in hand-hygiene has been suggested 

previously." I would go further and say that threshold effects are absolutely to be expected in 

infectious disease epidemiology for exactly the same reason that they are to be expected in nuclear 

fission: the processes depend on a chain-reaction, and below a certain threshold such chain reactions 

will not be sustained. In fact, it would be quite remarkable if such threshold effects didn’t exist for 

resistance that is primarily maintained by person-to-person transmission. For resistance arising from 

repeated de novo mutations, things are different.  

 

RESPONSE TO MC(7)  

Many thanks for this clarification. We have changed this section to read: “Threshold effects of hand-

hygiene have been identified previously.[40] Our findings also suggest that impacts of a national 

initiative to improve hand-hygiene were dependent upon background prevalence densities of CC22 

and CC30 during the campaign.[40] Greater impact during period of high prevalence density is 

consistent with the role of hand-hygiene in reducing transmission, and of diminishing returns at lower 

prevalence density.[41]"  

 

MINOR COMMENT (8). I don't think there is any mention of the possibility of the association between 

bed occupancy and MRSA rates being due to confounding. For example, in winter months (or during 

influenza epidemics) presumably more elderly people (who may be more likely to carry MRSA) may 

be admitted with respiratory infections increasing bed occupancy. This could give rise to a non-causal 

associations between MRSA rates and bed occupancy. Was this considered?  

 

RESPONSE TO MC(8):  

Mean inpatient age and seasonality were not significant explanatory factors in any models. We also 

noted large variation of bed-occupancy in each calendar month, even after accounting for seasonality. 

This said we recognise the association between bed-occupancy and strain prevalence densities may 

be due to confounding factors and have reflected this in the discussion. “The association with bed-

occupancy was not explained by variation in mean inpatient age and seasonality, but may reflect 

changes in case-mix during winter rather than increased transmission”  
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MINOR COMMENT (9). p13 "The rapidity of change within strains during antibiotic stewardship 

contrasts with theoretical and mathematical models suggesting that rapidly acquired resistances may 

be lost slowly due to compensatory evolution minimising fitness costs of resistance.[31, 51]" On the 

contrary, the results *agree* with mathematical models for hospital settings (eg Lipsitch et al PNAS 

2000http://www.pnas.org/content/97/4/1938.long) which show that rapid changes are to expected. 

Hospitals are different to the community because if resistance is not being maintained by high patient-

to-patient transmission then (provided it is rare in the community) it will rapidly decline due to rapid 

throughput of patients.  

 

RESPONSE TO MC(9)  

Many thanks for highlighting and explaining this difference. After reviewing the Lipsitch et al paper we 

have changed this sentence to read:  

“The rapidity of change within strains during hospital antibiotic stewardship is in keeping with 

mathematical models demonstrating declines in resistance within weeks to months, even in the 

absence of high fitness costs.[51]”  

Reference [51] has been changed to Lipsitch M, Bergstrom CT, Levin BR. The epidemiology of 

antibiotic resistance in hospitals: paradoxes and prescriptions. Proc Natl Acad Sci U S A. 2000; 

97(4):1938-43.  

 

MINOR COMMENT (10). Supplementary File 1. The whole section on GAMs lacks clarity and is very 

difficult to follow and probably needs either rewriting or simply removing (a reference to Simon 

Woods's excellent book on Generatlized Additive Models might help the interested reader more here 

– though I don’t have access to refs 2 and 3).  

 

RESPONSE TO MC (10)  

We appreciate the difficulty of summarising GAM in a short appendix. For this reason we have added 

the reference to Simon Wood’s Book. However, we have retained the brief outline of GAM in the 

appendix with the following ammendments.  

 

MINOR COMMENT 10(i) p27 l37 E(alpha_j(x_j)]=0 . This seems not to make sense unless the x_j s 

have been standardized (if this is the case, it wasn't stated).  

 

RESPONSE TO MC(10(i))  

alpha_j(x_j) are smooth standardized functions as explained in the first paragraph of the section on 

GAM. To emphasise this we have changed the text to reflect this  

 

MINOR COMMENT 10(ii) what exactly is a "forward stepwise estimation using a scatterplot 

smoother"?  

 

RESPONSE TO MC (10(ii))  

The independent variable is defined by a smoothed function of the dependent variable. We have 

adjusted the text to read:  

“Functions are estimated one at a time, in a forward stepwise manner, using a scatterplot smoother. 

Each time-series is centered to zero (xi - xi) and a spline series (si )added to form a smoothed series 

xi*...It means that GAM procedure allows estimating variables adding in a forward stepwise way 

estimating its smooth behaviour according to the data"  

 

MINOR COMMENT (10(iii)) s_i is not defined  

RESPONSE TO MC(10(iii))  

s_i is the spline function. We have clarified this in the text (see point ii)  
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MINOR COMMENT (10(iv)) x_i^* is defined but then appears to play no further role in the model.  

RESPONSE TO MC(10(iv))  

xi* is the estimate (smoothed) time-series (see answer to point ii)  

 

MINOR COMMENT (11). p29 l34. Shouldn't the "-c2" term be "+c2"? Also, the text says "each max()" 

is a truncated spline function. I didn't understand this. Surely max(a,b) just has the usual meaning of 

being equal to a if a>=b and b if b>=a?  

 

RESPONSE TO MC (11)  

We have checked this point. “-C2” is correct here (it can be checked by solving the inequation system 

and substituting into the estimation equation).  

We have clarified the point about truncated spline function in the text:  

“…Where; the knot value (τ*) = 100 and each max( ) is a truncated spline function (isolated to the 

range of independent variable (xi) above (x-τ*, 0)or below(τ* - x, 0)the knot), so and .”  

 

******  

Reviewer: 2: Reviewer Name Michael Borg  

 

GENERAL COMMENT (1): Many thanks for asking me to review this manuscript. It studies an aspect 

of MRSA epidemiology - temporal associations between planned antibiotic stewardship & infection 

control interventions and the molecular epidemiology of MRSA - which is very much lacking in the 

literature. Although dealing with complex concepts, the paper is very well written, structured 

appropriately and achieves the desired outcome. I can find little to critique in the comprehensive 

methodology adopted and, even though not particularly versed in time series methods, I found the 

paper to be very understandable. Having said that it would be recommended to get the input of a 

statistician with expertise in time series analysis.  

 

RESPONSE TO GC(1)  

We appreciate the reviewer’s comments. We have addressed statistical concerns raised by reviewer 

1.  

 

GENERAL COMMENT (2): There is one comment that I feel I need to make. It is noted in page 6 that 

“All first patient clinical and screening isolates per year were sent to the reference lab until March 

2011, after which only isolates from screening, blood cultures, outbreak investigations, or with 

unusual phenotypes were referred.” Since the whole paper stands or falls on the strain collection 

methodology adopted, it is important that the authors expand on this point to show that the change in 

collection methods after March 2011 could not have been a source of bias in the final results. It is 

suggested that a table is included showing the number of isolates collected per year from these four 

sources quoted as well as those collected previously from other (presumably routine clinical) 

specimens. Furthermore, have the authors repeated the analysis using only isolates from screening, 

blood cultures, outbreak investigations, or with unusual phenotypes so as to have a constant 

sampling method for the whole duration of the study period? If yes, were the same results obtained as 

for the whole data set?  

 

RESPONSE TO GC (2)  

We agree that consistency in collection of strains for typing is an important consideration. However, 

we believe that the change in collection method (March 2011) was unlikely to be a cause of bias in 

major findings:  

Temporal associations in TSA are determined across the study period, and with 192 repeat 

observations (months) our study was well powered (recommended 30-50 observation minimum). We 

note that March 2011 represents month 171 and hence change of isolation referral was after major 

shifts in infection control and antibiotic stewardship. Running the same models on months 1-170 did 
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not change the model covariates or directions of association, but did result in wider 95% CI around 

parameters.  

We also note the strong correlation between time-series for: (i) All clinical isolates (excluding 

screening) and (ii) Blood-stream isolates (BSI), Outbreaks, Atypical phenotypes in months 1-170. 

Monthly values for strain distribution (%total isolates in strain) were correlated with R2 = 0.51 to 0.82. 

5m moving average values were correlated with R2 = 0.85 to 0.96. It is unlikely therefore that change 

in isolate referral for typing in March 2011 impacted greatly upon our estimates of trends in strain 

distribution.  

 

However, to reflect these points we have included a comment in the discussion as follows:  

“Change in criteria for sending isolates for typing (March 2011) was not likely to introduce bias since: 

major changes in antibiotic use and infection control occurred before this time, and covariates and 

direction of associations in baseline models for months before were unchanged; time-series for strain-

distribution derived from isolate types sent throughout the study period were strongly correlated with 

time-series derived from wider range of isolates typed before the change in criteria (R2 for 5-month 

moving averages =0.85 to 0.96).” 

 

VERSION 2 – REVIEW 

REVIEWER MIchael Borg 
 
Mater Dei Hospital  
Malta 

REVIEW RETURNED 04-Mar-2015 

 

GENERAL COMMENTS The queries raised in my first review of the paper have been 
adequately addressed . 
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